We determine the Cabibbo-Kobayashi-Maskawa matrix (CKM) element |V us | in several different ways using updated preliminary HFAG averages for the τ lepton branching fractions and we compare the results with the determinations obtained from the kaon decays and from the unitarity of the CKM matrix.
Introduction
The CKM matrix element |V us | is most precisely determined from kaon decays [1] , and its precision is limited by the uncertainties of the lattice QCD estimates of f + (0) and f K /f π . Using the τ branching fractions it is possible to determine |V us | in an alternative way [2] that does not depend on lattice QCD and has small theory uncertainties:
where R s and R VA are the ratio of the inclusive τ width into strange and non-strange final states to the partial width into electron (Γ(τ → eν τ ν e )). In this formula, the SU (3) breaking parameter δR theory depends on the s quark mass and is determined in the context of low energy QCD theory, partly relying on experimental data on low energy QCD processes [2] . The required experimental data, including uncertainties and correlations, are adequately provided by the HFAG averages [3] . In the following, we update the HFAG averages to September 2014 and we determine |V us | accordingly. Furthermore, we use the updated HFAG data to determine |V us | with τ decays in two additional ways, using BR(τ → Kν). This provides an alternative determination of |V us | that is independent of the kaon data but is affected in a similar way by the parameters f K and f π (determined with lattice QCD).
2 |V us | from inclusive τ → X s ν
Referring to Eq. 1, we use preliminary HFAG averages updated to September 2014 to compute the experimental inputs. Following Ref. [4] , we assume lepton universality to obtain a the "universality-improved" BR e = BR(τ → eν e ν τ ) using the τ branching fraction to electron and muon and the τ lifetime, including the precise 2013 Belle result [5] , obtaining BR uni e = (17.815 ± 0.023)%. We get R s = BR(τ → X s ν)/BR uni e = 0.1618±0.0026 (see also Table 1 ) and R VA = BR(τ → X non-strange ν)/BR uni e = 3.4696± 0.0080. We update δR theory from Ref. [2] with the up-to-date value of the s-quark mass m s = 93.50±2.50 [6] and get δR theory = 0.239±0.030. We chose not to use more recent calculations of δR theory [7, 8] , which have smaller or larger estimated uncertainties. Using |V ud | = 0.97425 ± 0.00022 [6] , we compute |V us | τ s = 0.2176 ± 0.0021, which is 3.4σ lower than the unitarity CKM prediction |V us | uni = 0.22547 ± 0.00095, from (|V us | uni ) 2 = 1 − |V ud | 2 (|V ub | being negligible). The uncertainty contribution from δR theory is 0.44 %.
Branching fraction HFAG preliminary Summer 2014 fit 
|V us | from BR(τ → Kπν)
It is also possible to determine |V us | from the branching fraction BR(τ → Kπν) [9, 10] from the equation:
The phase space integrals, I K are determined from the Kπ form factors. The first estimate of the long-distance electromagnetic corrections (δ Kτ EM ) have been computed [9] . The isospin breaking corrections (δ Kπ SU(2) ) allow using both the measurement on τ → K − π 0 ν τ and τ → K and |V us | = 0.2216 ± 0.0027 [10] . Neglecting correlations, this is 1.4σ below the CKM unitarity prediction.
Conclusions
All determinations of |V us | from τ decays are lower than the CKM matrix unitarity determination. In particular, |V us | from inclusive τ → X s ν is 3.4σ lower. Averaging the results using the HFAG 2014 preliminary data, |V us | τ s , |V us | τ K/π and |V us | τ K , we obtain:
|V us | τ = 0.2204 ± 0.0014 , 2.9σ lower than the CKM unitarity prediction. The correlation of the uncertainties on f K and f K /f π is neglected, since we could not find any estimate if it. Even assuming ±100% correlation, the uncertainty on |V us | τ does not change more than about ±5%.
The |V us | values obtained from kaon decays [1] , on the other hand, are statistically consistent with the unitarity determination. Matthew Moulson has presented in the same conference updated and more precise values of |V us | from kaon decays [12] , which continue to be compatible with the unitarity determination. Figure 1 summarizes the |V us | results, using the most up-to-date kaon results.
